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ABSTRACT : 

The invention provides reagents and methods for characterizing (i.e., identification 

"and/ or quantitation) the phosphorylation —states-of-proteins-.-_Proteins_.may_ be 

post- transcriptionally modified such that they contain phosphate groups at either 
some or all of their serine, threonine, tyrosine, histidine, and/or lysine amino 
acid residues. In many cases the extent to which a protein is phosphorylated 
determines it bioactivity, i.e., its ability to effect cell functions such as 
differentiation, division, and metabolism. Hence, a powerful tool for diagnosing 
various diseases and for furthering the understanding of protein-protein 
interactions is provided. 
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What is claimed is: 

1 . A method of comparing the phosphorylation states of one or more ' 
prol ans in two or more samples comprising: / 

providing a substantially chemically identical and differentially jsotopically , 
5 labeled protein reactive reagen t for each sample wherein the protein reactive 
reagent satisfies the formula: 

B-L-PhRG 

wherein B is a binding agent that selectively binds to a .capture reagent (CR ). L is 
a linker group having one or more atoms that are differentially labeled with one 
10 or more stable isotopes, and PhRG is a phosphate reactive grou p that 

selectively reacts with amino acid residues that were formerly phosphorylated; 
reacting each sample with^one^the protein reactive reagents to provide 
^ proteins bound to the protein reactive reagent, whereby such bound proteins are 
j differentially labeled with stable isotopes^ (^ Cj ^ * ^ 
^ 15 capturing bound proteins of the samples usingjth^eapture reagent that 

*}* selectively binds the binding agent; 

yj 

01 releasing captured bound proteins from the capture reagent by disrupting 

the interaction between the binding agent and the capture reagent; and 
detecting the released bound proteins. 



The method of claim 1, wherein the bound Rrpteins'jn the samples 



are enzymatically or chemically processed to convert them info boun N d peptide^- 

• v - ' *^ — ^ 

3. The method of claim 1, wherein a protein portion of one or more of 
25 the bound proteins are sequenced by tandem mass spectrometry to identify the 
bound protein. 



4. The method olxlaimj , wherein the amount of one or more 
phosphorylated proteins in the' sample is determined by mass spectrometry and 
30 further comprising introducing into a sample a known amount of one or more 
internal standards for each protein to be quantified. 
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5. The method of claim 1 , wherein one or more phosphorylated amino 
acid residues are selected from the group consisting of threonine, serine, and 
ty rosine. " 

5 6. The methodicrl^datm-J^ wherein the released bound proteins are 

separated by chromatography prior to detecting the bound proteins by mass 
spectrometry. 



7. The meth od of c laim 1 , wherein a plurality of proteins in a single 
10 sample are detected and identified. 



8. The method of claim 3, wherein all of the proteins in a sample are 
identified. 



r 5 * 



15 9. The method of claim 1 , wherein relative amounts of one or more 

proteins in two or more samples are determined and further comprising 
01 combining differentially labeled samples, capturing bound proteins from the 
JL, combined samples and measuring relative abundances of the bound proteins 
FU differentially labeled proteins. 
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10. _ The method-efeteimj , wherein the proteins being quantified are 

membrane proteins. ~ 

1 1 . The metho d of cla im 1 , wherein different samples contain proteins 
25 originating from different organelles or different subcellular fractions. 

12. The methoctDfxlain^, wherein different samples represent 
proteins expressed in response to different environmental or nutritional 
conditions, different chemical or physical stimuli or at different times. 

30 

1 3. The method- of^laiiir^ the different samples represent- 
proteins expressed in different disease states. 
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1^ A method for screening for a therapeutic that alters a 
phosphorylation state of a protein, the method comprising: 

contacting at least one test sample containing the protein with the 
therapeutic; 

providing at least one control sample containing the protein; 

removing one or more phosphate groups from one or more amino acid 
residues of the protein in the at least one test sample and the at least one control 
sample; 

tagging the at least one test sample and the at least one control sample 
with substantially chemically identical and differentially isotopically labeled 
protein_re active reagents for each sample, wherein the protein reactive reagents 
satisfies the formula: 

B-L-PhRG 

wherein B is a binding agent that selectively binds to a capture reagent, L is a 
linker group having one or more atoms that are differentially fabeled with one or 
more stable isotopes, and PhRG is a phosphate reactive group that selectively 
reacts with amino acid residues that were formerly phosphorylated; and 

detecting a level of phosphorylation of the tagged proteins in the at least 
one test sample and the at least one control'sample; and 

determining whether the therapeutic altered the level of phosphorylation 
of the tagged proteins in the at least one test sample. 

A reagent for mass spectrometric analysis of proteins that satisfies 
the general formula: 

- B-L-PhRG 
where B is a binding agent that selectively binds to a capture reagent, L is a 
linker group that comprises jUeast^onejsotopicall y he ayysitom and a 
phosphorylation reactive group (PhRG) that selectively labels proteins at one or 
more residues that were formerly occupied by phosphate groups. 

16. The reagent of clahrHS^wherein PhRG is selected from the group 
consisting essentially of primary amines, secondary amines, tertiary amines, 



